Context. The WASP-10 planetary system is intriguing because different values of radius have been reported for its transiting exoplanet. The host star exhibits activity in terms of photometric variability, which is caused by the rotational modulation of the spots. Moreover, a periodic modulation has been discovered in transit timing of WASP-10 b, which could be a sign of an additional body perturbing the orbital motion of the transiting planet. Aims. We attempt to refine the physical parameters of the system, in particular the planetary radius, which is crucial for studying the internal structure of the transiting planet. We also determine new mid-transit times to confirm or refute observed anomalies in transit timing. Methods. We acquired high-precision light curves for four transits of WASP-10 b in 2010. Assuming various limb-darkening laws, we generated best-fit models and redetermined parameters of the system. The prayer-bead method and Monte Carlo simulations were used to derive error estimates. Results. Three transit light curves exhibit signatures of the occultations of dark spots by the planet during its passage across the stellar disk. The influence of stellar activity on transit depth is taken into account while determining system parameters. The radius of WASP-10 b is found to be no greater than 1.03 +0.07 −0.03 Jupiter radii, a value significantly smaller than most previous studies indicate. We calculate interior structure models of the planet, assuming a two-layer structure with one homogeneous envelope atop a rock core. The high value of the WASP-10 b's mean density allows one to consider the planet's internal structure including 270 to 450 Earth masses of heavy elements. Our new mid-transit times confirm that transit timing cannot be explained by a constant period if all literature data points are considered. They are consistent with the ephemeris assuming a periodic variation of transit timing. We show that possible starspot features affecting the transit's ingress or egress cannot reproduce variations in transit timing at the observed amplitude.
Introduction
Exoplanets, whose orbits are aligned in such a way that they transit their host stars, constitute a group of worlds whose study can in turn help us to understand the exoplanetary internal structure and atmospheric properties (see e.g. Charbonneau et al. 2007 ). The transiting exoplanet WASP-10 b (Christian et al. 2009 ) was discovered by the SuperWASP survey (Pollacco et al. 2006) . Its mass was initially measured to be 2.96 +0.22 −0.17 M J (Christian et al. 2009 ) and then refined to 3.15 +0.13 −0.11 M J by Johnson et al. (2009 Johnson et al. ( , 2010 . Christian et al. (2009) reported the planetary radius of 1.28 +0.08 −0.09 R J and note that it is larger than interior models of irradiated giant planets predict. On the basis of a high-precision light curve obtained with the University of Hawaii 2.2-m telescope, Johnson et al. (2009) derived a noticeably smaller radius of 1.08 ± 0.02 R J . Further investigations by Krejcová et al. (2010) and Dittmann et al. (2010) found a planetary radius close to the value reported by Christian et al. (2009) .
The host star is a faint (V = 12.7 mag) K5 dwarf located 90 ± 20 pc from the Sun in the constellation of Pegasus. It has the effective temperature of 4675 ± 100 K (Christian et al. 2009) and the mass of M * = 0.75 +0.04 −0.03 M ⊙ (Johnson et al. 2009) . A rotational period of 11.91 ± 0.05 d was determined from photometry affected by starspot-induced brightness modulation (Smith et al. 2009 ). The similar periodicity of 11.84 d was detected in radial velocities by Maciejewski et al. (2011) , who re-analysed available spectroscopic data. These authors also found that the orbital eccentricity of the planet is statistically indistinguishable from zero after taking into account the starspot effect. The system was found to be relatively young with an age of 270 ± 80 Myr determined with the gyrochronology method (Maciejewski et al. 2011 ).
High-precision transit light curves of a planet moving across a spotted stellar disk offer an outstanding opportunity to map the starspot distribution (Schneider 2000; Silva 2003) . When a planet occults a starspot area on a star's surface, the flux increases and a characteristic feature in a light curve -a bumpis observed, as for example for HD 189733 b (Pont et al. 2007 ), HD 209458 b (Silva-Valio 2008) , GJ 1214 b Carter et al. 2011; Kundurthy et al. 2011) , TrES-1 (Dittmann et al. 2009 ), CoRoT-2 b Huber et al. 2010 ), or WASP-4 b (Sanchis-Ojeda et al. 2011 . Unocculted dark spots outside the planetary path across the stellar disk may still be present on the stars's surface and affect the transit light curve. Compared to a spot-free case, spots reduce the effective stellar-disk area, so a stellar radius is underestimated. The observed transits are deeper than a spot-free scenario predicts. This, in turn, results in the overestimate of the planet-to-star radius ratio ). The opposite effect may be observed if faculae are considered. These active regions should introduce rather random variations not only in the transit depth, but also in the transit timing and duration.
Interestingly, Maciejewski at al. (2011) note that transit timing of WASP-10 b cannot be explained by a constant period but by a periodic variation. The existence of a second planet that perturbs the orbital motion of WASP-10 b was postulated as an explanation of the observed transit-time-variation (TTV) signal. A solution with a perturbing planet of mass ∼0.1 M J and orbital period of ∼5.23 d, close to the 5:3 period commensurability, was found to be the most likely configuration.
In this work, we present the analysis of four new high-quality light curves of WASP-10 b's transits. The aim of this work is to redetermine the system's parameters and verify the existence of the observed TTV signal. We also report on discovering starspot features in transit light curves and show the results of modelling the internal structure of the WASP-10 b planet.
Observations and data reduction
The R-band photometric monitoring of WASP-10 b's transits was performed with the 2.2-m telescope at the Calar Alto Observatory (Spain) during four observing runs in 2010 on August 3 and 6 and September 6 and 9 (programme H10-2.2-011). An additional four hours of monitoring during the out-oftransit phase were run on 2010 September 10 to check a photometric stability. During another two nights, which were granted to the project in 2010 November, poor weather conditions did not allow us to gather scientific data. The Calar Alto Faint Object Spectrograph (CAFOS) in imaging mode was used as a detector. It was equipped with the SITe CCD matrix (2048 × 2048, 24µm pixel, scale of 0.53 arcsec per pixel). The telescope was significantly defocused and stellar profiles exhibited a doughnut-like shape. About 5 × 10 4 counts per second were recorded for the target, which allowed us to collect up to 3 × 10 6 counts in a single exposure. Applying defocusing was expected to minimise random and flat-fielding errors (e.g. Southworth et al. 2009) . A subframe limiting the effective field of view to the target and a nearby comparison star GSC 02752-00151 and 2 × 2 binning mode were used to shorten a readout overhead time to ∼25 s. Including overheads, the observations were carried out with a cadence of between 66 and 83 s. Exposure times in individual runs were kept fixed to avoid affecting transit timing. The colour index and brightness of the comparison star, located 3.
′ 6 to the east of WASP-10, were not far from those of the host star that minimised the photometric trends caused by the differential atmospheric extinction. The photometric stability of GSC 02752-00151 was verified by analysing its light curve provided by the SuperWASP survey. We also checked its brightness against fainter stars available in the field and detected no variability. The stellar images were kept exactly at the same position in the CCD matrix during each run thanks to auto guiding. Precise timing was assured by synchronising the computer's clock to Coordinated Universal Time (UTC) using Network Time Protocol software, which is more accurate than 0.1 s. The details of observations are presented in Table 1 .
Weather conditions during run 1 on 2010 August 3 were mainly photometric with occasionally thin clouds in the first half of the observing window. The second half of the run was affected by the light of the rising Moon. A portion of data was lost at the end of an egress phase because of technical problems with dome-slit segments. On 2010 August 6 (run 2), observations were performed in photometric conditions in dark time. The run was again interrupted by the same technical problems during the end of an ingress and the beginning of a flat-bottom phase. The subsequent two runs on 2010 September 6 and 9 were executed in photometric conditions with no moonlight contamination. On September 6, some exposures were lost at the end of the transit owing to a strip of clouds passing across the field. Exposures that were found to be affected by clouds were rejected.
Our CCD frames were processed using a standard procedure including debiasing but not flat-fielding, which does not improve measurements in the case of defocused and auto-guided observations and may also degrade the data quality (see e.g. Southworth et al. 2010) . Our tests indeed showed that dividing by a flat-field frame had no detectable effect on a final light curve. The stellar flux was spread over a ring of at least 20 binned pixels (21.
′′ 2) in a diameter. The magnitudes of WASP-10 and the comparison star were determined with differential aperture photometry. After analysing a wide range of apertures, we found that beginning from the aperture radius of 9 binned pixels, the photometric scatter exhibited a flat minimum (or rather a plateau), which is in practice insensitive to greater aperture sizes. The per-exposure photometric uncertainties in the individual measurements were in a range between 0.59 and 0.82 mmag. A visual inspection of the Digitized Sky Survey (DSS) images revealed at least two faint neighbour stars located 12.
′′ 5 and 15. ′′ 9 away from WASP-10. Their photographic F-band magnitudes are 19.6 and 19.9 mag (Zacharias et al. 2004) , hence negligible relative to those of WASP-10, whose brightness in the same band is 11.8 mag. To minimise the neighbour-star contamination, the light curves with minimal apertures for which the lowest scatter was achieved, i.e. 9 binned pixels (10.
′′ 6), were taken as the final ones. The light curves exhibited slight baseline gradients caused mainly by the differential atmospheric extinction. They were approximated by the first or second order polynomials fitted to out-of-transit measurements and then subtracted from individual light curves. This method also removed a possible brightness gradient caused by the host-star variability and the possible effects of moonlight. However, taking into account the small amplitude of the stellar variability (up to ∼20 mmag, Maciejewski et al. 2011 , see also Section 3.2) and its relatively long timescale of ∼12 d (Smith et al. 2009 ), its contribution remains negligible on the timescale of the observing windows. To estimate the quality of the light curves, the root-mean-square (rms) of data points at the out-oftransit phase was calculated for individual light curves (Table 1) .
Results

Light-curve modelling
A visual inspection of the first three transit light curves (Fig. 1 ) reveals features that affect the shape of transits and could be attributable to starspot features. The data from the fourth run were found to be of the highest quality exhibiting the lowest data scatter at the out-of-transit phase. This was achieved thanks to photometric conditions during the run and long exposure time. Moreover, these data were found to be almost free of any deformations, thus were used to perform the initial modelling. We used the JKTEBOP code (Southworth et al. 2004a (Southworth et al. , 2004b , which is based on the EBOP programme (Eclipsing Binary Orbit Program; Etzel 1981; Popper & Etzel 1981) . The initial parameters of the system were taken from Johnson et al. (2009) . The best-fit model was found by applying the Levenberg-Marquardt least squares procedure. To derive the parameter errors, we used procedures implemented in the JKTEBOP code and described in detail by Southworth (2008) . Firstly, we ran 10000 Monte Carlo (MC) simulations to account for Poisson noise with a bootstrap approach. Secondly, we employed the residual-shift (prayer-bead) method (e.g. Désert et al. 2011; Winn et al. 2009 ) to check whether a light curve is affected by correlated noise. A spread range in a given parameter of within 68.3% was taken as its 1σ error estimate.
Six parameters defining the transit shape were fitted directly: the sum of fractional radii of the host star and planet r * + r b , the ratio of these quantities k = r b /r * , the orbital inclination i, the mid-transit time T 0 , and the linear u and non-linear v limbdarkening coefficients (LDCs). The fractional radii are defined as r * = R * a and r b = R b a , where R * and R b are the absolute radii of the star and the planet, respectively, and a is the orbital semi-major axis. A value a = 0.03781
−0.00047 AU (Johnson et al. 2009 (Johnson et al. , 2010 by Eastman et al. (2010) .
We checked linear, quadratic, logarithmic, and square-root limb-darkening (LD) laws and various configurations of LDCs, for which theoretical values were bilinearly interpolated from tables by Van Hamme (1993) . We considered LDCs kept fixed during fitting, u as a free parameter while v kept fixed, and allowed both LDCs to vary. The best-fit model could be obtained using the square-root LD law with both LDCs being fitted, but the result turned out to be unphysical (total limb darkening at the limb of the star was greater than 1). Keeping v fixed at a theoretical value for the square-root LD law resulted in a poorer goodness of the fit than applying the quadratic LD law for which both LDCs were allowed to vary. Therefore, we used the latter configuration to reproduce the light curve. The MC errors were found to be up to 50% smaller than those estimated by the prayer-bead method. This indicates that the light curve is affected not only by Poisson noise but also by additional correlated noise. Therefore, our prayer-bead error estimates were taken as our final errors. The sub-millimagnitude precision was achieved with the rms scatter of 0.74 mmag per point. We note that derived LDCs have reasonable values that are consistent to within 1σ with theoretical values interpolated e.g. from Claret (2000) tables for R C -band filter and a K-type dwarf. Fitting LDCs allows us to account for their contribution to the error budget. Southworth (2008) shows that keeping LDCs at theoretical values can underestimate the errors of other parameters.
The best-fit model based on data from the fourth observing run was used as a template and fitted to remaining light curves for which only the mid-transit time was allowed to vary. The residuals are plotted in Fig. 1 . Both transits observed in August exhibit flux bumps that may be the results of occulting darkspot areas on the stellar surface by the planetary disk. The negative residuals in run 2 data suggest that in this case the transit's depth is underestimated by the run 4 model. The opposite situation is observed in the light curve acquired on September 6 where, besides the starspot signature, the transit depth tends to be smaller than the run 4 model predicts. Figure 2 shows the light curve obtained for WASP-10 on September 10 during an out-oftransit phase. During this almost four-hour-long run, the rms of 0.81 mmag was achieved. The residuals show no features that could be attributed to starspots. As this run was also affected by clouds, the relatively far more satisfactory photometric stability strengthens the reliability of starspot detection in runs 1-3. We also exclude observing conditions or technical problems as the cause of the observed bumps.
Variable transit depth may be caused by apparent changes in the effective stellar surface (hence fitted fractional stellar radius), which varies because of the dark-spot coverage. To investigate this scenario, we cut portions of the light curves exhibiting spot signatures and then repeatedly fitted models and estimated the errors. Constraints on the limb darkening were applied because the quality of the reanalysed three light curves is slightly lower than for run 4 data and data sets became significantly incomplete after cutting. We considered only the quadratic LD law and LDCs were kept fixed at values from the run 4 model. Their contribution to the error budget was taken into account by perturbing them by ±0.1 around fixed values with the assumption of a flat distribution. Figure 3 shows individual best-fit models with residuals, which, if uncut light curves are considered, contain the distilled spot features. Results of the fitting procedure run for individual light curves are collected in Table 2 .
Physical properties of the system
The highest-quality light curve of run 4 allowed us to find the best-fit LD law and its LDCs but other system parameters (in particular, the planet-to-star radius ratio k) may be affected by stellar activity. Although no spot signatures are visible during this transit, spot complexes may exist on the stellar surface outside the projected path of WASP-10 b. To check this scenario, the average brightness of WASP-10 outside transits was determined in individual nights covered by our observations. Figure 4 shows the light curve that clearly exhibits data-point scatter with the peak-to-peak amplitude of ∼20 mmag. These brightness variations can be closely approximated with a sinusoid whose period is equal to the star rotation period and the peak-to-peak amplitude is 28 ± 13 mmag. Individual magnitude errors (standard deviations) were taken as weights while running the fitting procedure. The derived amplitude is comparable to the greatest value reported so far, i.e. to 20.8 ± 1.3 mmag observed for the 2004 observing season (Maciejewski at al. 2011) . Run 4 was observed during a phase at which WASP-10's brightness was reduced as a result of new starspots appearing on the visible stellar hemisphere. This finding indicates that k derived from these data must be overestimated. The run 1 and 3 data show that even during bright phases, spot features are visible in transit light curves. This finding suggests that the purely photospheric surface was observed in neither run. The photospheric brightness level cannot be determined, so the reliable rescaling of light curves cannot be performed ). We note that the LDCs may be affected by stellar activity, e.g. faculae that produce limb brightening and, if numerous, may have a non-negligible contribution to the overall limb darkening.
The presence of starspots located outside the transit chord leads to an overestimate of the transit depth and hence the planetto-star radius ratio (e.g. Czesla et al. 2009 ). Although system parameters are consistent to within 1σ between individual runs, the smallest value of k was obtained for run 3. The star was then at a bright phase (Fig. 4) , so a minimal fraction of its surface must have been covered by spots. The run 3 results were chosen as the most representative of the WASP-10 system. They were also expected to be the closest to the real values. Therefore, we used them to redetermine the planetary, stellar, and geometrical properties. Our final results are collected in Table 3 .
Our parameters of the WASP-10 system differ by 0.6-1.9σ from those reported by Johnson et al. (2009 Johnson et al. ( , 2010 with only the planet gravitational acceleration value differing by more than 2σ. The only exception is T ′ eq whose value by Johnson et al. (2009 Johnson et al. ( , 2010 is ∼ √ 2 times greater than our determination. The reason for this discrepancy is the factor of √ 2 missing in the formula defining the equilibrium temperature in Johnson et al. (2009) . The high-quality light curve analysed by Johnson et al. (2009) exhibits no signs of spot occultations and, as an extrapolation of the brightness modulation in Fig. 4 suggests, was acquired during a bright phase, i.e. when the spot coverage was at its smallest. System parameters reported by Christian et al. (2009) and Krejcová et al. (2010) differ by 1.3-5.4σ from those derived by us. The planet-to-star radius ratio and star radius have the greatest impact on other parameters. The light curve analysed by Dittmann et al. (2010) , whose k = 0.16754 ± 0.00060 was found to be close to values of Christian et al. (2009) and Krejcová et al. (2010) , exhibits some features attributable to starspots. Studies by Christian et al. (2009) and Krejcová et al. (2010) based on average light curves that blurred the influence of activity-induced features. Although our radius estimate of R b = 1.03 +0.07 −0.03 R J is the smallest determined so far, it is de facto the maximal limit because we could take into account only a fraction of the whole spot contribution. If the greatest value of k were considered (i.e. for the run 2 data set), the planetary radius would be greater by 3%, i.e. well within error bars. Hence, the difference seems to be negligible in practise. Using the Roche Southworth 2010) . Some quantities that were needed for calculations and could not be determined from the light curve analysis (e.g. planetary mass, semi-major axis) were taken from Johnson et al. (2009 Johnson et al. ( , 2010 . model, Budaj (2011) has found that the shape of WASP-10 b is not far from the sphere. The ratio of the planetary radii at the sub-stellar point to that at the rotation pole is 1.00132. Thus, the planet radius determined from the transits is practically the same as the effective radius which is defined as the radius of the sphere with the same volume as the Roche surface used in theoretical calculations. Hartman (2010) discovered a correlation between the surface gravitational acceleration of hot Jupiters and the activity of host stars. According to this relation, the surface gravity of WASP-10 b, log g b = 3.88 +0.04 −0.01 (cgs), predicts a strong chromospheric activity of the WASP-10 star with log R ′ HK > −4.3. The star is expected to have pronounced emission features in the H and K Ca II lines that make it an interesting target for spectroscopic studies.
The satisfactory consistency is obtained when the derived gravitational acceleration of the host star, log g * = 4.64
+0.06
−0.04 , is compared to theoretical predictions. We interpolated the solarmetallicity isochrones by Girardi et al. (2002) to the age of the WASP-10 system and derived a value of ∼4.69, which is within 1σ error bars of the value reported in this work. The value derived by Johnson et al. (2009 Johnson et al. ( , 2010 ) is close to the theoretical one, while the result brought by Christian et al. (2009) is significantly underestimated.
Internal structure
We calculate interior structure models of WASP-10 b assuming a two-layer structure with one homogeneous envelope atop a rock core. We aim to determine the resulting possible mass of heavy elements in both the core and the envelope as a function of the planet radius, which we vary between the small value of 1.03 R J (this work) and 1.28 R J found by Christian et al. (2009) , while the mass is kept invariant at 2.96 M J (Christian et al. 2009) .
For H and He we use the interpolated equation of state (EOS) by Saumon et al. (1995) , for heavy elements in the envelope we scale the He EOS by a factor of four in density, and for rocks in the core we use the rock EOS by Hubbard & Marley (1989) . This is a choice of convenience, as we are interested in the response of the planet's metallicity to the planet's radius more than to achieve a high accuracy in these numbers for a single model. The composition of heavy elements is essentially unknown, and a different choice of the EOS of metals can affect the calculated mass of metals by ∼ 30%.
An interior model of a close-in exoplanet cannot stand alone without a model for the irradiated model atmosphere, as the atmosphere determines the entropy of a gas giant's interior. The hotter the atmosphere, the larger the entropy, and the more heavy elements are required to meet the observed transit radius. Common features of the atmospheric pressure-temperature profile of evolved hot Jupiters around Sun-like stars are the presence of a temperature inversion at high altitudes at sub-mbar pressures, the sub-adiabatic temperature profile in the radiative region where the transit radius is observed (Fortney et al. 2003) , the development of an isothermal region around 1-100 bars depending on an age and orbital distance, and finally the onset of the adiabatic, convective interior, which extends down to the core in the likely absence of internal layer boundaries in hot exoplanets. We use Fig. 3 in Fortney et al. (2007) to construct an atmosphere profile by interpolation, where we increase the orbital distance from a = 0.037 AU to 0.07 AU in order to conserve the total energy flux received by WASP-10 b from its parent K5 star. The resulting isothermal region of our atmosphere profile is at 1400 K and begins at 2 bars. As the isothermal region extends deeper into the planet with increasing planet age (Fortney et al. 2007 ), we expect a shallow or even absent isothermal region for the young WASP-10 b. We use Fig. 2 in Fortney et al. (2007) to estimate the onset of the adiabatic interior, which we parametrise by a pressure level P ad . The equilibrium temperature of WASP-10 b is 850-980 K for albedos between 0.3 and zero. Hence, an effective temperature of 1000 K is certainly a lower limit for WASP-10 b. For our choice of planet radii, the surface gravity is log g b = 3.62 (i.e. g b = 42 m s −2 from Christian et al. 2009 ) and log g b = 3.88 (i.e. g b = 76 m s −2 determined by us). For a young hot Jupiter with log g = 3.6 (g = 40 m s −2 ) and T eff = 1000 K at 0.1 AU, Fortney et al. (2007) predict P ad ≈ 3 bar. We vary P ad from 0.5 to 10 bars to cover the uncertainty related to a possible higher T eff and larger gravity. The procedure for calculating the internal profile and the core mass is the same as described in Nettelmann et al. (2011) . The envelope heavy element mass fraction is set to the solar value of 1.5%, which also agrees with the stellar metallicity to within the error bars. This choice gives the maximum core mass as a higher envelope metallicity reduces the core mass when all other parameters are not varied. Figure 5 shows the results of our calculations. The total mass of metals M Z of 270-450 M ⊕ is needed to reproduce the radius value reported in this work. This large amount is challenged by The models differ in the onset of the adiabatic interior as parametrised by the pressure level P ad . The observed transit radius of this work requires to increases the total mass of metals by ∼300 M ⊕ compared to the larger radius from the discovery paper.
the core-accretion formation where the maximum mass of available heavy elements is 80 M ⊕ for the parameters of WASP-10 b (Leconte et al. 2010) . In contrast, the larger radius scenario predicts a mass of heavy elements that is smaller by ∼300M ⊕ , which corresponds to a heavy element enrichment of (12 ± 11) times a stellar value, i.e. more in line with Jupiter.
Spot feature modelling
The spot-occultation features (Fig. 3 ) may be approximated with a simplified transit-like model assuming a flux bump instead of a flux drop. To model these features, an approach similar to that presented by Kundurthy et al. (2011) was used. The bumps were modelled with the occultsmall routine of Mandel & Agol (2002) and the Levenberg-Marquardt non-linear least squares fitting algorithm provided by the Exoplanet Transit Database 2 (Poddaný et al. 2010) . In this case, the limb darkening was assumed to be zero and the mid-occultation time, occultation height, and duration counted from the begin to the end of the phenomenon were fitted. The error estimates of these parameters were taken from a covariance matrix. The best-fitting models are plotted in Fig. 3 (middle plots) and occultation parameters are printed in Table 4 . The final residuals are shown in the bottom plots of Fig. 3 . The height of the bumps was found to be between 2 and 3 mmag. The durations of the events are slightly shorter than a sum of transit ingress and egress durations equal to ∼40 min (see Table 2 ). Moreover, no flat top phase is visible. These findings are most consistent with the grazing scenario and non-central occultations of single spots whose sizes are comparable to or larger than the planetary disk projected onto the stellar surface. The occulted starspots were found to be located near the centre of the stellar disk at longitudes within 20
• of the line of sight. The height of the bumps was determined at the 5-9-σ level. The significance of these bumps can be estimated from the ratio of their height to the final light-curve scatter represented by the rms. The detections of starspot signatures in run 1, 2, and 3 data were found at the 1.4-, 2.9-, and 2.0-σ level. The run 2 event was the most pronounced while the bump in the run 1 light curve was affected by lower quality data. While reducing data, we excluded instrumental effects being responsible for the observed features in the light curves.
The flux bumps can be translated into the area of a spot occulted by the planetary disk. Assuming that the spot contrast is equal to 0.7, a value typical of the Sun, the occulted spot area was found to be in a range between 0.6% and 0.9% of the stellar surface (or 25% and 37% of the planetary disk). These inhomogenities alone cannot produce the observed rotational modulation in photometry. To reproduce the observed amplitude of ∼28 mmag, a distinct spot of a size of either ∼9% or ∼2.6% of the stellar disk would be needed for a solar contrast or completely dark spot, respectively. As the amplitude of the rotational modulation was found to be one of the greatest observed for WASP-10 so far, the radial velocity variations with a semi-amplitude much greater than ∼70 m s −1 , a value reported by Maciejewski et al. (2011) , would be expected if simultaneous spectroscopic observations were done. The starspot features observed in the transit light curves are consistent with the observed radial velocity scatter and the photometric variability of the host star.
Transit timing
Four new mid-transit times in conjunction with the literature data allowed us to refine the linear ephemeris. We obtained the midtransit time for initial epoch T 0 = 24554357.85790 ± 0.00010 BJD TDB and the orbital period P b = 3.09272963 ± 0.00000035 d. Individual timing errors were taken as weights while running the linear regression. Our four new mid-transit times could be used to verify the TTV signal reported by Maciejewski et al. (2011) . Figure 6 shows the observation minus calculation (O-C) diagram plotted for all data according to the new ephemeris. Although our four new points are located close to the linear ephemeris, they also agree with the ephemeris given by Maciejewski at al. (2011) . The remaining two runs, which were granted to us and then lost because of poor weather conditions, had been expected to cover epochs during opposite phases of the TTV signal and could have been used to determine precisely its amplitude. It is worth noting that all four transits happened ∼5 min later than the linear ephemeris by Dittmann et al. (2010) predicts. This finding confirms the TTV signal of WASP-10 b and is consistent with the model proposed by Maciejewski et al. (2011) .
To estimate the influence of starspot occultations on transit timing, the run 4 light curve was artificially deformed by injecting a flux bumps randomly located in the time of transit. The duration of artificial occultations was assumed to be ∼40 min and its height 3.07 mmag, i.e. values of the most prominent feature observed in run 2. Two separate scenarios were considered: an affected first half of a flat bottom and ingress/egress. In the first case, 2000 deformed light curves were produced and then fitting procedure was performed. The sum of stellar and planetary fractional radii, planet-to-star radius ratio, orbital inclination, and mid-transit time were allowed to vary while the quadratic LDCs were kept fixed at values from the run 4 model. The mean difference in T 0 , δT 0 , was found to be negligible with a value of 0.00006 ± 0.00004 d (i.e. 0.09 ± 0.06 min), where the error is the sample standard deviation. This finding was also confirmed by our analysis of run 1-3 light curves: the mid-transit times derived from original and starspot-feature-cut light curves were found to be similar well within 1σ error bars. The planet-to-star radius ratio was found to be significantly smaller by about 5σ. This result meets expectations because injected bumps increase the averaged brightness during the flat bottom phase, hence decrease the averaged transit depth. The procedure was repeated for ingress phase based on 1000 deformed light curves and yielded δT 0 = 0.00062 ± 0.00005 d (i.e. 0.89 ± 0.07 min), indicating that the apparent mid-transit times happened noticeably later than the spotless ephemeris predicted. The orbital inclination was found to be underestimated leading to a greater value of the transit parameter. Moreover, transits appeared to be shorter on average by 1.5 ± 0.6 min. Because of the symmetry of the phenomenon, the same results can be reached for the deformed second part of the flat bottom and egress. In these cases, the apparent mid-transit times would happen earlier. This phenomenological approach gives the upper limits to any possible deviations in timing. As Sanchis-Ojeda et al. (2011) show, the influence of occulted starspots located close to the stellar limb is smaller by a factor of 3-5 because of the effects of limb darkening and geometrical foreshortening.
Discussion
Three of our four transit light curves exhibit signatures of starspots, while Maciejewski et al. (2011) detected no variation in the transit shapes of nine light curves. Most of their data sets have a data scatter of around or larger than 2 mmag. Such a precision seems to be insufficient for detecting flux bumps reported by us. Their only light curve with the data scatter comparable to ours exhibits no features that could be related to an occultation of an active region. However, this finding should be treated with caution as a final part of the egress and out-of-transit phase was not covered by observations.
In the case of defocused images, the light contamination from nearby faint stars may make a transit shallower and hence lower the planet-to-star radius ratio. In the neighbourhood of WASP-10, there are two faint stars that could contribute light to the WASP-10's flux (see Section 2). Assuming that the total flux of these neighbouring objects (based on their photographic magnitudes) contributed to the WASP-10 light curve, the planetary radius would be underestimated by 0.07% -a value negligible in practice.
The high mean density of WASP-10 b (2.94
−0.25 ρ J ) in conjunction with the relatively young age of the WASP-10 system testifies for the planet's heavy-element core of a significant mass, as discussed by Johnson et al. (2009) . The models of internal structure by Fortney et al. (2007) and Baraffe et al. (2008) predict a substantial core of the mass >100 M ⊕ for WASP-10 b. In the mass-radius plot (Fig. 7) , WASP-10 b is located in a sparsely populated area covered by deflated exoplanets. Our models of the WASP-10 b's internal structure show that for the small radius reported in this work, the total mass contained in metals (270-450 M ⊕ ) is much higher than that for Jupiter (12-47 M ⊕ ; Saumon & Guillot 2004) Ikoma et al. 2006) . Since M Z is quite insensitive to the assumed distribution of heavy elements between the core and envelope, the M Z values can be used to derive an overall enrichment of 35 ± 25 times the stellar metallicity Z * for which [M/H]=0.02 ± 0.3 (Christian et al. 2009 ). The extremely high core mass of ≥ 250 M ⊕ indicates that the envelope is not of solar metallicity but of a few times Z ⊙ , at least.
If the spins of both the stellar rotation and planetary orbital motion are roughly parallel to each other, this configuration may allow one to either determine or refine a period of stellar rotation by analysing the starspot distribution probed by a transiting planet (Silva-Valio 2008; Silva-Valio & Lanza 2011; Huber et al. 2010) . In a significant fraction of extrasolar systems, both axes were found to be misaligned (see e.g. Hébrard et al. 2011) and this could also apply to the WASP-10 system. The ratio of periods of WASP-10 b's orbital motion to stellar rotation is close to 1:3.8, hence the occultations of the same spot near the centre of the stellar disk (as in runs 1-3) are impossible to observe during two consecutive transits. However, assuming that the active regions exist longer than a few stellar rotation periods and the system is not significantly tilted, we found that features observed during runs 1 and 3 (the time span of about three rotation peri- ods) could be attributable to the same spot complex. In this case, mid-occultation times would refine the rotation period of WASP-10 to 11.85 d and 10.87 d for prograde and retrograde orbits, respectively. The former value agrees with the period known from photometric and spectroscopic observations. About 20% of the stellar disk is probed during transits. If the system is aligned, the transit chord covers a latitudinal band at the stellar equator (up to about ±10
• in latitude). Systematic and long-timescale studies of the transit profile morphology would allow one to investigate a spot distribution during the cycle of stellar activity.
A typical full width at half-maximum for WASP-10 crosscorrelation functions (CCFs) obtained with the SOFIE spectrograph in its high-efficiency (HE) observing mode by crosscorrelating the WASP-10 spectra with a K5V template was found to be in a range of 10.2-10.4 km s −1 (Christian et al. 2009 ). This translates into the mean projected stellar rotational velocity v sin i * = 4.1 ± 1.0 km s −1 . Here we used the calibration of the projected rotational velocity for the HE observing mode of the SOPHIE spectrograph by Boisse et al. (2010) with a typical error of 1.0 km s −1 . We also assumed the star's intrinsic colour index to be (B − V) 0 = 1.15 ± 0.10 mag, a value derived from the spectral type and Schmidt-Kaler (1982) calibration for main sequence stars. Here the formal error estimate reflects the uncertainty in one spectral class. We also checked the consistency of the WASP-10's spectral type with its near-infrared colour indices from the 2-Micron All Sky Survey (2MASS, Skrutskie et al. 2006 ) using the relation given by Ducati et al. (2001) . Using the rotation period determined by Smith et al. (2009) , the minimal radius of the star appears to be 0.98 +0.31 −0.30 R ⊙ . This value is by 40% greater than our photometric analysis predicts. Both values are marginally consistent within the error bars. Additional spectroscopic observations are needed to remove this discrepancy and refine v sin i * for WASP-10. We note that a larger stellar radius induces a greater planet size, which, in turn, could help to reduce the mass of WASP-10 b's core in the internal structure models.
The durations of the individual transits were found to be the same for all four runs that shows that the ingresses or egresses of light curves are unaffected by occultations of starspots located close to the stellar disk limb. Limiting the O-C diagram to points based on high-quality photometry, it is obvious that the linear fit is an unsatisfactory solution because some data points deviate by up to 8σ. We re-analysed high-quality light curves available in the literature, i.e. from epochs 99 (Johnson et al. 2010 ) and 242 (Maciejewski et al. 2011) , to measure the variation in the transit duration d tr . Following the rule of selecting the largest errors, the MC errors were taken as the final ones for the epoch 99 light curve. In the second data set, a linear trend, clearly visible during the out-of-transit phase, was fitted simultaneously. Here the prayer-bead errors were found to be greater and taken in further calculations. We found d tr equal to 115.9 +5.1 −4.2 and 116.0 +8.9 −7.7 min for epoch 99 and 242 data sets, respectively. Both values are close to our determinations, a result that allows us to exclude an ingress/egress deformation by an occulting starspot as a source of the TTV signal. We also note that the redetermined mid-transit times were found to be consistent with the literature values and to lie well within the 1σ error bars.
Conclusions
The signatures of WASP-10's activity have been observed in our high-precision transit light curves. Our analysis of system parameters, which takes stellar activity into account, has indicated that the radius of WASP-10 b is smaller than most prior studies report. This planet is three times more massive than Jupiter but has a similar radius. Its heavy-element mass, which is between 270 and 450 M ⊕ , needs to be considered in the internal structure models to reproduce the planetary radius. Our new data points confirm that transit timing cannot be explained by a constant period if all literature data points are considered. They are consistent with the ephemeris assuming a periodic variation in the transit timing. We have found no means of explaining the observed TTV signal with light curve deformations caused by starspots on the stellar surface. This finding supports a scenario in which the second planet perturbs the orbital motion of WASP-10 b. However, we emphasis that additional high-quality transit light curves will be required to help us establish the true nature of this intriguing system.
